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INTRODUCTION
In Sweden, the prevalence of diabetes mellitus has recently been estimated to be 4.4% among the adult population, with type 2 diabetes accounting for approximately 90% of all cases [1] . As diabetes is a major cause of morbidity and premature mortality, the disease has a significant impact on healthcare costs and quality of life (QoL) [2, 3] .
It is well established that adequate glycemic control [glycosylated hemoglobin (HbA1c) below 6.5-7%] reduces the risk of diabetesrelated complications, and this is therefore the key goal in management of type 2 diabetes [4] .
Insulin is one of the most effective HbA1c-lowering interventions and, due to the progressive nature of type 2 diabetes at higher HbA1c-levels, insulin may be the only treatment option for many patients [5] . According to the Swedish National Board of Health and Welfare's clinical guidelines on management of type 2 diabetes [6] , the first preventive measure to decrease HbA1c is lifestyle intervention and later initiation of metformin. When these measures fail to control glucose levels and the HbA1c-level rises to 7.5%, treatment with a sulfonylurea (SU) or insulin should be initiated. There are alternative approved treatment options that may be initiated before prescribing insulin, if HbA1c levels are \7.5% and the patient does not respond to metformin, including sitagliptins and GLP-1 receptor antagonists. However, many physicians choose to initiate insulin before the patient has reached an HbA1c level of 7.5%. Insulin treatment has a number of disadvantages, such as weight gain, reaction from the injection and hypoglycemia [7] , and in particular during the early period of initiating insulin, patients most likely show psychologic insulin resistance [8] resulting in complications and increased healthcare costs.
Although there are a number of published studies evaluating the costs of Swedish patients with type 2 diabetes [9] [10] [11] , there are to our knowledge no Swedish studies comparing the costs of pre-and post-initiation of insulin. There is also little evidence when stratifying annual medical costs before and after initiation of insulin in patients with HbA1c-level of \7.5%, where other treatment options are still available, versus HbA1c-level C7.5%. The aims of this study were to evaluate the healthcare costs of patients with type 2 diabetes initiating insulin on top of metformin and/or SU, and to understand if these costs differ if the patient has reached HbA1c levels of 7.5% or not. If the results from this study indicate that treatment with insulin on top of metformin is related to substantially higher healthcare costs compared with treatment with metformin and/or SU alone, this could be an indication that other oral anti-diabetic drugs (OADs) apart from metformin could be favored while HbA1c is still below critical levels. This could have an impact both in terms of savings of healthcare resources and on patients' QoL.
METHODS
This study is a register-based retrospective cohort study including Swedish patients with type 2 diabetes who started treatment with metformin and/or SU and were later prescribed insulin.
Study Population
All patients were identified from the Sörmland county council diabetes register. Analyses were conducted using patient-level data, but all reporting was on an aggregated level. All data management and statistical analyses were performed using SAS 9.2 (SAS Institute Inc., Cary, NC, USA).
Statistical Considerations
The resource use items available within this study were visits to primary care, outpatient admissions to medical wards, surgeries and The normality of the distributions was tested employing the Shapiro-Wilks test and by plotting the data. If found not to be normally distributed, means and SD were estimated using the bias corrected accelerated bootstrapping method with replacement. To test differences between costs before and after the index date, a t test was used to measure if the difference between the two costs was separated from zero. There were no missing values in the dataset and imputation of missing data was not necessary.
Variables describing patient characteristics included age at the index date, sex, height, weight, co-morbidities, HbA1c level at the index date, systolic blood pressure at the index date, and diastolic blood pressure at the index date.
The estimated healthcare costs were subsequently stratified by HbA1c level at index date and statistical tests were used to compare costs pre-and post-initiation of insulin for each HbA1c-group separately (Group 1\7.5%, Group 2 C7.5%).
RESULTS
The selection of patients is presented in Fig. 1 .
In total, 667 patients initiated on insulin during the study period were identified and extracted from the diabetes register. After removing patients who had been treated with OADs other than metformin or SU prior to the index date, had a primary diagnosis of type 1 diabetes, had been prescribed insulin prior to the index date, had not been prescribed metformin or SU prior to the index date, and had \365 days follow-up before or after the index date, 100 patients were eligible for the analysis.
Patient Characteristics
Patient characteristics are demonstrated in Table 1 . The mean age of the patients was 64
(SD 10) years, ranging from 35 to 80 years. Most patients were men (n = 59, 59%).
There were 41 patients who were initiated on insulin at HbA1c levels \7.5%, and 59 patients at Hba1c levels C7.5%. Patient characteristics comparing patients with HbA1c level \7.5% and C7.5% at the index date are shown in of co-morbidities did not differ between the two groups, patients with HbA1c levels \7.5% had a higher number of cardiovascular events (see Table 3 ).
Costs
Total medical costs for the total cohort, and stratified by HbA1c-level, are shown in Tables 4 and 5, respectively. The total medical healthcare costs for the entire cohort the year before initiation of insulin (Table 4) were SEK 17, 230 (SD 17, 228) , and the year after were SEK 31,656 (SD 24,331) (p\0.0001). The highest proportion of costs before the index date was as a result of visits to primary care followed by costs due to visits to medical wards, procedures and medications, whilst the highest proportion after the index proportion of costs was due to visits to primary care, followed by costs due to visits to medical wards, medications, and procedures. The year after the index date, the highest costs were due to medications, followed by costs due to visits to primary care, visits to medical wards, and procedures. In the group with HbA1c levels C7.5% at the index date, the year before initiation of insulin, the highest proportion of costs was due to visits to primary care, followed by costs due to visits to medical wards, procedures, and medications. The year after The total mean costs due to filled prescriptions among the HbA1c \7.5% group were statistically significantly higher the year after the index date compared with the year 
DISCUSSION
This study aimed at estimating and comparing annual medical costs the year before and after initiation of insulin (index date) among Swedish patients with type 2 diabetes. The study also aimed at estimating these costs stratified by HbA1c level at the date of initiation of insulin, based on the recommended cut-off level (HbA1c C7.5%).
Our results demonstrated almost doubled, statistically significant increases in mean annual costs the year after the initiation of insulin compared with the year before. The highest proportion of mean annual medical costs was due to visits to primary care the year before the index date, but shifted to costs due to filled prescriptions the year after. This demonstrates that filled prescriptions of insulin have a significant impact on the total medical costs. The increased costs of filled prescriptions were also due to increased filled Besides filled prescriptions, the increased costs the year after initiation of insulin were also due to increased visits to nurses and physicians, to both medical wards (not statistically significant), and to primary care.
As can be expected in a diabetes population, many of the patients in this study had cardiovascular co-morbidities that might explain some of the increased costs the year after initiation of insulin.
There were no major differences in demographic and clinical characteristics at the index date when comparing patients with HbA1c-levels \7.5% or C7.5% at the index date. Both groups had statistically significant increased mean annual costs the year after initiation of insulin compared with the year before. Interestingly, patients with HbA1c-levels \7.5% at the index date had higher total medical costs, both the year before the index date and the year after, compared with the HbA1c-level C7.5% group. This might be explained by the higher proportion of major cardiovascular events in this group, but the major increase in costs the year before and after index date was still explained by an increase in filled prescriptions. For both groups, costs were mainly dominated by costs due to health care visits before the index date, whereas costs due to filled prescriptions were more prominent in both groups after the index date.
There are a number of published studies assessing the health-related costs in patients treated with insulin. In a German study published in 1997, estimation of costs for insulin treated patients was approximately six times as high as those for patients treated with
OADs, and 30 times as high as for patients treated with life-style interventions through specific diets [8] . Another German study by Liebl et al. [16] , estimated direct annual costs 6 months before and after initiation of insulin.
The authors demonstrated that there was a significant increase in blood glucose devices during the 6 months after initiation of insulin, and that the mean 6-month costs increased from €579 to €961. A more recent study conducted in Spain [10] in 2011 reported that mean total healthcare costs per patient 6 months before and after insulin start were €639 and €1,110, respectively. Mean total costs 6 months after insulin treatment was initiated included costs of hospitalization (31%), insulin (16%), primary care (14%), blood glucose monitoring (14%), specialized care (13%), OADs (8%), and other diabetes-related treatments (4%). In a Canadian costeffectiveness study from 2011 [11] , basic treatment with metformin was compared with The results in our study demonstrate that increased medical healthcare costs the year before and after initiation of insulin are comparable with the results of previous studies [16] [17] [18] [19] . Together these data concur that the initiation of insulin treatment in type 2 diabetic patients increases medical costs, both in terms of increased costs due to filled prescriptions of medications and of devices, but also due to increased costs due to health care visits. Similar to the results in the study by Costi et Specifically, a 1%-point increase in HbA1c will, on average, lead to a 4.4% increase in diabetesrelated medical costs for type 2 diabetes. These results were not comparable with the results in our study, which is probably explained by the higher major cardiovascular co-morbidities in this group. This difference might be more evident after a longer follow-up period. One reason for the difference in results compared to our study might be the selected study population. In our study, costs were calculated for patients who had at least 365 days follow-up both before and after the index date. By using such an approach, patients who had \365 days usage of metformin or SU before the index date, and patients who died before 365 days after the index date, were excluded from the analysis. Exclusion of these patients might therefore have biased the study population by allowing only patients with less severe disease to be included in the analysis.
Our study has a number of limitations. First, the study sample is very small and limited to one county council and the results might therefore not be generalizable to other parts of Sweden. This is probably especially evident in terms of the sub-group analysis. Secondly, healthcare utilization is limited to procedures, outpatient visits at medical wards, and primary care visits, and does not account for inpatient and other outpatient care or emergency care.
There was also limited information on background data for co-morbidities and body mass index, limiting the possibilities to control for confounders. Also, when combining the two data sources, there were some differences between the different registers that led to some uncertainties in the data. Furthermore, it is important to recognize that the full clinical and economic benefits of an effective diabetes treatment, such as insulin, in the long run are not fully accounted for in our study.
CONCLUSION
In summary, despite the small sample size, this study demonstrates that mean annual medical costs almost double the year after patients are initiated on insulin. This increase in costs is mainly due to increased visits to primary care and increased drug prescriptions. This study also demonstrates that costs increase the year after initiation of insulin regardless of the HbA1c level at initiation of insulin, which could be a rational for other treatment options when HbA1c levels are still below the recommended threshold for initiation of insulin.
KEY SUMMARY POINTS
• This register-based, retrospective cohort study was designed to evaluate the healthcare costs of patients with type 2 diabetes initiating insulin on top of metformin and/or sulfonylurea (SU) in Sweden, determine the glycosylated hemoglobin (HbA1c)-level at initiation of insulin, and stratify healthcare costs by this HbA1c-level.
• Patients were identified from the Sörmland county council diabetes register; 100 patients being prescribed at least one prescription of metformin and/or SU from 2003-2010, and later prescribed insulin, were included.
• The mean age was 61 years, 59% of patients were male. Mean time since diagnosis was 4.1 years and since initiation of insulin was 2.2 years, and the mean HbA1c level at index date was 8.0%.
• Total mean costs for the whole cohort the year before initiation of insulin was SEK 17,230 (17, 228 ) and the year after was SEK 31,656 (24,331) (p\0.0001).
• Despite the small study sample, this study demonstrates that mean annual medical costs almost double the year after patients are initiated on insulin; the costs increased regardless of the HbA1c level at initiation of insulin, with the largest increase in costs due to increased filled prescriptions. 
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